Physics 5393 Problem Set 3 – Due September 15, 2011

1). Find the eigenvalues and the normalized eigenvectors for a matrix operator Ω,

Ω = 1 0 0 0 0 −1 0 1 0 .

2). Apply the normalized eigenvectors in Problem 1, construct a unitary matrix U. Then diagonalize Ω with the unitary matrix U.

3). Determine the value of the constant B in function t_b(x)

t_b(x) = { 0 for x^2 > b^2, B(b − |x|) for x^2 ≤ b^2, b > 0, such that

lim_{b→0} t_b(x) = δ(x).

4). (a) Apply Gauss’ theorem ∫ Ω (∇ · ⃗A)dv = ∫ S ⃗A · d⃗S, S is the surface,

show that ⃗∇^2( 1

|⃗r|

) = −4πδ^3(⃗r).

(b) Let us consider the following integral

I(R) = 1 R = 1 |⃗r − ⃗r^′| = α ∫ d^3k 1 k^2 e^{−i⃗k·(⃗r−⃗r′)}

where R = |⃗r − ⃗r^′| and k = |⃗k|. Show that ⃗∇^2 1 |⃗r − ⃗r^′|

= −4πδ^3(⃗r − ⃗r^′).